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(54) MuHicdrrier transmission with adaptive allocation of reference symbols 



(57) A transmitting apparatus, receiving apparatus, 
conr>munlcation system, and a signal processing metli- 
od of each applying a suitable moc^lation method and 
transmission path estimation method In accordance 
with characteristics of the transmission Information for 
Improving the transmlssbn efficiency operate so that at 
the transmlssbn side, the ratio of adding transmission 
path estimation pilot symbols is suitably controlled In ac- 
cordance with an aspect of the dat transmitted, for ex- 
ample, the size of the packets transmitted and the state 
of the transmission path, wherein the transmission data 
is mapped by the selected modulatfon method, and the 
signal Is processed in accordance with the method of 



estimation of the transmission path, and the transmis- 
sion signal is produced by Inverse fast Fourier transform 
processing and transmitted. At the r^ption side, the 
received signal is fast Fourier transfornned, the trans- 
mteston path Is estimated by the transmission path es- 
timation method selected at the transmission side, the 
received signal is connect in accordance with result, and 
the received data is reproduced in accordance with the 
nwlulatton method. Therefore, it is possible to always 
. adopt the optimum transmission method in accordance 
with the attribute of the transmission data eta and pos- 
sible to realize an Improvement of a transmission effi- 
ciency and an enhancement of the quality of communl- 
catton. 
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Description 

BACKGROUND OF THE INVENTION 

s [0001] The present invention relates to a transmitting apparatus and a receiving apparatus of orthogonal frequency 
division multiptexing (OFDM) modulated signals, a communication system comprising a transmitting apparatus and a 
receiving apparatus, and further asignal processing method in each of the transmitting apparatus, receiving apparatus, 
and the communteation system. 

[0002] As a system of transmitting multiplexed channels using multi-earner communication, a digital audio broad- 
10 casting (DAB) system has already t^en put into practical use in Europe. In the DAB system, OFDM is used as the 
modulation method. In a broadcasting system using the OFDM modulation method, apturality of orthogonal sub<^rriers 
modulated by quadrature phase shift keying (QPSK) or quadrature amplitude modulation (QAM) or another data mod* 
ulation method are multiplexed to produce an OFDM modulated signal. By providing a guard intewal which is made 
by recurring part of an effective symbol waveform in a valid symbol period of the OFDM signal. thie influence of multi- 
IS path error (ghost wave) in a radio wave transmission of a ground wave can be reduced^ Namely, by making the guard 
Inteivai longer than the expected delay time of the ghost wave, ghost interference can be easily removed at the reception 
side- 

[0003] Fig. 22 and Fig, 23 show ari example of a wireless commun Nation system using the OFDM modulation n^thod, 
in which Fig. 22 shows a configuratton of a transmitting apparatus using the OFDM modulation method, and Fig. 23 

20 shows the configuration of a receiving apparatus for receiving an OFDM modulated sIgriaL 

[0004] As shown in Rg. 22, a transmitting apparatus using the OFDM modulation method is configured by a channel 
encoder 101, a time interleave circuit 102, a symbol mapping circuit 103, a multiplex circuit (MUX) 104, a frequency 
interleave circuit 105, a differential modulatfon circuit 106, an inverse fast Fourier transform circuit (IFFT) 107, and a 
transmitter (Tx) 108. The channel encoder 101 encodes an Input data bit train (bit stream) DBSM of an M-th channel. 

25 Note that the related encoding Includes, for example, error correction and encoding. The order of the encoded data 
train is switched at random on the time axis by the time interleave circuit 102. Time interleaving is a method for coping 
with so-called burst noise, that Is, a large amount of noise generated in a transmission path concentrated in a certain 
• constant tinie band. Time interleaving is carried out with respect to a data series to be transrnitted on the transmission 
side, while deinterleaving is carried out on the reception side to return the received data series to the original order. 

so For this reason, when burst noise is generated, the infiuence of the noise Is dispersed in the transmission signal and 
complete interruption of data transmission can be prevented. 

[0005] The time interleaved data is mapped by the symt)Ol mapping circuit 103 with respect to each sub-carrier in 
accordance with a predetermined data modulatton method. Note that the data nrKxiulatton method used for the mapping, 
may be of various types sudi as the QFSK, 8PSK, and the 1GQAM, Typtoaily QPSK Is used in DAB. The symbol 

35 mapping circuit 1 04 creates a symbol stream con^esponding to the input data series. 

[0006] The mapped symt>ol stream consisting of the M channels is input together with the symt)ol streams of other 
channels created by simitar processing to the multiplex circuit 104. Only Inputs DBS 1 and DBS 2 are shown. The 
stream is then multiplexed by the multiplex circuit 104. As the simplest example, the multiplex circuit 104 can realize 
multiptexing by simply connecting the synr^l streams of the plurality of channels in series. The multiplexed symbol 

^ streams are rearranged by the frequency' interleave circuit 105, and the differential nKxiulation circuit 106 differentially 
modulates each symbol with the respective symbol transmitted one modulation period before. 
[0007] The differentially modulated symbol streams are converted to parallel data by a serial/parallel conversion 
circuit, not shown. This parallel data becomes the modulated data in each sub*carrler and can be regarded as a vector 
of a spectnim on a frequency axis. The modulat^ data i$ transformed to a transmission signal on the time axis by the 

^s Inverse fast Fourier transform circuit 107, modulated to a high transmission frequency by the transmitter 108, and 
radiated to space via an antenna 1 09. 

[0008] On the reception side, reverse processing to that on the transmission side is carried but to demodulate the 
received OFDM modulated wave and thereby to reproduce the original information data streams. As shown In Fig. 23. 
the receiving apparatus is configured by a channel decoder 11 1 , a time delnterteave circuit 112, a bit extraction circuit 

so 113, a channel selection circuit 114, a frequency deinterleave circuit 115, a differential demodulation circuit 116, a fast 
Fourier transform circuit (FFT)1 1 7, and a receiver (Rx) 1 1 8. The receiver 1 1 8 receives a signal of an intended frequency 
band in the high frequency reception signal excited at a reception antenna 119. The received signal is converted to a 
baseband signal by frequency conversk>n. The baseband signal is Fourier transformed by the fast Fourier transform . 
circuit 1 1 7. As a result, the received symbols corresponding to the modulated data of the sub^carrlers on the frequency 

55 axis are found. 

[0009] Each received symbol fluctuates in phase due to the influence of, for example, fading in the transmission 
path, therefore the tnansmisslon path is estimated by using the phase difference from each symbol received one mod- 
ulation period before as a phase value of the received signal using each symbol received one modulation time before 
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as a reference, The means for finding the phase of the received signal by this transmission path estimation is generally 
referred to as differential demodulation. The differential demodulation is carried out in the differential demodulation 
circuit 116 The thus extracted received syrrrfwls carrying Infonnatton modulated in the phase component are returned 
to the original order of symbols by the frequency deinterteave circuit 115. then the symbol stream of the Intended 

5 channel is extracted by the channel selection Circuit 114. 

roOIOl The output channel stream from the channel selection circuit 114 is input to the bit extraction circuit 113. The 
bit extraction circuit 113 digitally demodulates the symbols of each sub-carrier to extract, for eifample, the reoeWed 
encoded bit stream for the QPSK modulated symbols. The time deinterteave circuit 112 returns the received encoded 
bit stream to the arrangement of the encoded bit stream of the original order by the time deiriterleaving in the frame. 

10 ■■ Further, this is decoded for correcting errors by the channel decoder 111. whereby the Information bit stream of the 
Intended channel is obtained. = » , 

[00111 In a communication system comprising such atransmltting and receiving apparatus, the arrangement of sym- 
bols to be transmitted and received by the frequency axis and the time axis can be expressed as shown In Fig. 24. 
■■ Rg 24 shows the state of the symbols In the sub-carriers arranged on the frequency axis being differentially modulated 

IS with the symbols transmitted or*e modulation time before at the related frequency This differential modulation is not 
closed in the channel. The differential modulatton is carried out wfth the synibols of other channels. 
100121 In a communication system for transmitting muhiptexed channels using the OFDM modulation method as 
previously proposed, the symbols of the Intended channel arc extracted after the transmission path is estimated for all 
channels together. Further, the syihbols of the other channels are also neoessdry for extracting one channel worth of 

20 information. So by employing such a data structure isolation between channels Is not possible in the modulation method 
and the transmission path estimation method. Since the above-mentioned DAB system Is a broadcasting system and 
each channel is usually transmitting a signal constantly. Isolation between channels In the modulation method and the 
transmission path estimation method has been considered. 

[00131 Where handling packet transmission traffic, however, the channels are not always constantly transmitting and 
» receh/ing signals. Iherefbre with the above system oonflguration, modulation and demodulation become Impossible, 
sottbecomesnecessarytoperformttiemodulationanddemodulatlonandthetransmlsslonpathestimationlnaclosed 

state for every channels, that b, for every packet. Further, in general packet transmission traffic, ttw amount of the 
Infomiation to be transmitted at one time the amount of Information per packet largely fluctuates from several tens of 
bytes to about several tens of kilobytes, for example. When handBng such traffic. If modulatton and demodulation are 

30 carried out by ttie known method the following disadvanttiges occur. 

[0014 When differential phase modulation Is applied as in the DAB system, the symbols transmitted one modulation 
period before arc utilized as reference symbols for estimating the transmisston path, therefore even In a case where 
desiring to transmit Informatton which can be handled by the number of syn*ol8 In one modulatioiv period, ttie trans- 
misston andthe reception of two modulation periods worth of symbols Including the reference become necessary. This 

35 is clearty wasteful from ttie viewpoint of the effective utiflzatton of the transmisston patti bandwWtti. m such a case, it 
is advisable to apply another method of estimation of the transmisston patii. 

[001 51 On the other hand, when considering ttie case where it Is desired to transmit and receive a large volume of 
Information, it Is generally known that If the transmisston path Is estimated by ttie drfferentiat modulatton used In the 
communicatton system described above, the required EWNo, wh«re Eb: energy per bit received by ttie receiving ap- 

40 paratus. No: received noise, Eb/No is the value expressing an Srt^ ratio per bit of the received data on ttie reception 
Side deteriorates by about 3 dS in comparison with the case where ttie estimation of ttie transmisston path is carried 
out perfectly. When desiring to transmit and recede a large volume of Information, transmitting symbols for estimating 
the transmission path in addftton to ttie symbols modulated in accordance Wrth informatton. precisely estimating ttie 
transmisston path, and demodulating gives a tower total required Eb/No and enables signal transmisston wHh a better 

4S efficiency. In this cas6. since transmisston of ttie syn*ols for estimating the ttansmisston patti becomes necessary, 
the bandwidth is excessively used, but when ttie amount of the informatton to be tt^ansmitted is suf telentiy large in 
comparison wittitiiesymbolsforestimating the transmisston path, resources are notwastefully used from ttie vtewpolnt 

of ttie required Eb/No: Further. If the encoding riste is raised by the amount of ttie towering of the required Eb/No In 
order to provide exactly ttie bandwidtii for the transmission of ttie symbote for the estimation of ttie transmisston path. 

so the bandwkith will not be excessively used. , . , 

(OOiq In ttiis way for example, where Information is transmitted In a burst-like manner and the amount of information 
to be transmitted per time fluctuates In a large dynamfc range, as In packet transmisston traffte. isolation is desirably 
taken In the modulatton method and the transmisston path estimatfon mettiod for every channel. Further, preferably a 
differenttransmisstonpath estimation method is used for every series of transmisston Informatton. The communication 

ss system of the prior art, however, has not given sufficient consideration to this. 
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OBJECT AND SUMMARY OF THE INVENTION: 



' 100171 The present invention was made in view of the above situation and has as an object to provide a transmitting 
apparatus, a receiving apparatus, and a communication system comprising a transmitting and receiving apparatus 

5 capable of applying a suitable modulation method and transmisston path estimation method in accordance with the 
characteristics of the Information to be transmitted and capable of improving the efficiency of the information transmls- 
• slon and s'qnal processing methods for each. 
[00181 To attain the above object, the transmitting apparatus of the present invention Includes a transmitting appa- 
ratus for transmitting a multi-carrier nwdulated signal comprising a mapping drcuit for arranging signal points in the 

10 plurality of sub-carriers in accordance with a predetermined modulation method based on the transmission data, a pilot 
addition drcuit for inserting a transmisston path estimation pilot signal in the output of the mapping drcuit, and an 
orthogonal transform drcuit for orthogonally transforming the output signal of the transmisston path estimatton process- 
ing drcuit 

[00191 The receiving apparatus of the present invention Indudes a receiving apparatus for receh^lng a multl^arrier 

IS modulated signal added with a pitot signal by a transmitting apparatus, having an orthogonal transfonn drcuit for or- 
thogonally transforming a received signal, a transmission path estimation drcuit for extracting said pitot signal based 
' on the output signal of tfie orthogonal transfonn drcuit and estimating tfw transmisston path In accordance witti the 
extracted pitot signal, and a data output circuit for corroding the received signal in accordance with a result of the 
estimatton of the transmisston path estimatton drcuit and outputting the received data. 

20 [00201 Further, the communlcatton system of the present Inventon Includes a communicat'^ 

and receiving a multi-carrier modulated signal created in accordance with the transmisston data, emptoying a mapping 
drcuit for arranging signal points with respect to a plurality of sub<arriers In accordance with a predetemiined modu- 
latton method based on said transmisston data, a pitot signal addition drcuit for Inserting a transmisston path estimatton 
pilot signal In the output of said mapping drcuit, a first orthogonal transform dn:ult for orthogonally transforming the 

^5 output signal of the pilot signal additton drcuit. a transmission circuit for transmitting the output signal of the first or- 
thogonal fransfonn drcuit to the transmisston path, a receptfon drcuit for receiving the transmission signal from the 
transmisston path, a second orthogonal transform drcuit for orthogonally transforming the output signal of the receptton 
drcuit, a transmisston path estimation circuit for extracting tiie pitot signal based on the ou^t signal of the second 
orthogonal transform drcuit and estimating the transmisston path based on the extracted pilot signal and a data output 

30 drcuit for correcting the receh/ed signal In accordance with the result of the estimation of the transmisston path estl- 
niation drcuit and outputting the predetermined received data. 

[0021] Further, In the present Inventton. preferably said pitot addition drcuit controls the insertion of said pitot s^nal 
In accordance with an attribute of saidtransmlsslon data. For example, saki pHot additton drcuit determines the number 
of inserttons of said pitot signal at each mocfailatton time in accordance with the size of saW transmisston data or an 
35 Importance of said transmisston data and determines the nun^er of insertions of said pitot signal at each modulation 
time in accordance with state of the transmission channel and In accordance with a possibility of retransmission of said 
transmisston data when the transmisston falls. 

[00221 Further, in tiie present Invention, preferably said pitot a<Witlon drcuit inserts said pilot signal by the highest 
ratfo at the start of the transmisston. Note that when the moAJlated signal of each sub^arrier is one symbol in one 

40 modulatton time, ttie ratto of the pttot signal is defmed by (number of pitot symbols/humber of Informatton symbols). 
[00231 Further, in the present Inventton, preferably saW pitot addition drcuit reduces the ratto of said pilot signal every 
modulation time. For example, said pilot addition drcuit Inserte said pitot signal wfth a ratto (1 /m) (m Is a natural number) 
at a modulatton time to immediately after the start of the hansmlsston. inserts said pitot signal with a ratto (1/(m+n)) at 
a modulatton time tn (n is a natural number), inserts said pilot signal witii a ratio (1 /2m) (m Is a natural number) at the 

4s modulation time to Immediately after the start of the transmission, and inserts said pilot signal witii a ratto (1 /2(m+n)) 
at tiie nK>dutatlon time tn (n Is a natural number). 

[00241 Further, in ttie present inventton, preferably said pilot additton circuit holds ttie ratto of said pitot signal at a 
constant when a predetermined time elapses after the start of the transmisston. At this time, tiie pitot a<fcJltton drojlt 
changes the position for Inserting saW pitot signal every modulation time. 

50 [00251 Further, in the present Inventton. preferably said transmission patti estimation drcuit has a transmisston path 
equalization drcuit for extracting said pilot signal from tiie output signal of sakJ orttiogonal transform circuit and esti- 
mating ttie characteristics of the transmission path in accordance wrth the extracted pilot signal, and the related trans- 
misston patti equallzatton drcuit preferably has a pilot extraction drcuit for extracting said pitot signal from the output 
signal of said orthogonal transform circuit, a first additton drcuit for dividing extracted pilot signals into groups provided 

55 in accordance witii the frequency bands and adding the piiot signals of the groups and at least one pitot signal selected 
from the adjoining group, a multiplicatton drcuit for multiplying the resutt of additton of pitot signals at the adjoining 
prevfous modulatton time on the time axis by a predetermined coefficient, and a second addition drcuit for adding the 
result of the additton of the addition drcuit at the present point of time and the output signal of said multiplicatton circuit. 
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100261 Further, the transmission method of the present invention is a transmission method for transmitting a multi- 
carrie! modulated signal having a plurality of sub-carriers modulated In accordance with transmission data, comprising 
the steps of arranging signal points with respect to said plurality of sub<arrlers In accordance with a predetermined 
modulation method based on said trarismisston data. Inserting a transmission path estimation pilot signal in the output 
slgnalof said mapping circuit in accordance with an attribute of said transmission data, and orthogonally transfomiing 
the transmission signal added with saw pitot signal. - ^ ' „a,_^«^^, 

[00271 Further, the reception method of the present Invention is a reception method for receiving a muW-cafrier 
modulated signal added with a pilot signal by a transmitting apparatus, comprising the steps of orthogonally transform- 
ing the received signal, extracting said pilot signal based on said orthogonally transformed received signal, estimating 
the transmission path in accordance with the extracted pilot signal. correcHng saW received signal In accordance with 
a result of said estimation of transmission path, and outputting the received data. .. ^ 

[00281 Further, the communicafion method of the present Invention Is a communication method for transmuting and 
receiving a muiti-carrier modulated signal created in accordance with transmission data, comprising the steps of ar- 
ranging signal points with respect to said plurality of sub-carriers in accordance with a predetermined modulation meth- 
od based on said transmission data. Inserting a transmission path estimation pilot signal in the output signal of said 
mapping circuit in accordance with the attribute of said transmission data, orthogonally transforming the transmissran 
slanal added with said pilotslgnal. transmitting said orthogonally transfomied signal to the transmission path, receiving 
the transmission signal from said transmission path, orthogonally transforming said received signal extracting said 
pilot signal based on said orthogonally translbrmed received signal, estimating the transmission path in accordance 
with the extracted pilot signal, correcting said received signal, and outputting the received data. 
[00291 According to the present invention, for example, when transmitting information which is burst like and has a 
large dynamic range in the size bf the transmission data such as packet transmfeston trafffc. d^ is transmitted and 
revived white adding a pilot signal tothe transmission signal in a suitable ratio In accordance wtth the charartenstics 
of the transmission data, for example, the size of the transmlsston data per packet, the Importance of the date, or the 
possibility of retransmbston of the transmission data and further In accordance with the state of the transm ssion path, 
for example, the Influence of noise In the transmission path. As a result, since the ratio of adding the Pllot signal is 
controlled In accordance with the characterlstfcs of the transmlsston data and state of the transmteskm path. «te ti^ns- 
mission path suited to these eondfttons can be estimated on the reception side, the transmlsston data can be hghly 
predsely reproduced, and In addHtondate can betransmtttedwlthahlghefffelency In the everallc^^ 

BRIEF DESCRIPTION OF THE DRAWlNGiS 

PI030] Rg. 1 Is a circuit diagram of an example of the configuratton of a transmitting apparatus according to the 

present invention. .. ^ m »^ 

pjOSI] Fig. 2 IS a circuit diagram of an example of the configuratton of a receiving apparatus according to the present 

Inventfon. " j. • 

p)032] Rg. 3 is a view of differential phase moduiatton in a frequency direction. 

[0033] Rg. 4 Is a vtew of differential phase modulation in a time direction. 

100341 Rg. 5 is a view of differential phase modulatton In both of the frequency and time directions. 

[00351 Rg. 6 is a view of a transmission path estimatfon method by an Insertfon of pltot symbol. ^ ... ^ 

poaq Fig. 7 is a view of a transmlsston path estimatfon method making the Insertion of the pitot symbol variable at 

every modulatton time. 

[00371 Fig.8isaviewof signal distribution of a QPSK modulated signals. 

[0038] Rg. 9 Is a view of signal distrtoutfon of a 16QAM modulated signal. 

[0039] Rg 10 Is a btock diagram of an example of the configuratton of a mapping circuit. 

(00401 Rg 11 is a btock diagram of an example of a differential phase modulattonyj)ltot addition circuit. 

rao411 Rg. 12 is a btock diagram of an example of a transmlsston path estimation circuit and a bit extractton circuit. 

PW42J Fig. 1 3 Is a btock <flagram of an exampte of the configuration of a channel equalizer. 

[0043] Rg 14 is a view of a transmission path estimation method in a channel equalizer. 

[00441 Fta 15 Is a view of an example of a vector showing a transfer charadeilstte of the transmission patti. 

pmq F^!i6lsabtockdIagramofanexampleofabilextracttonclrcultwhtehcanbeapplledtoa8PSKmodulation 

[mS Rg 17isabtockdlagramof anexampleof abitextractlonclrcultwhlchcanbeapplledtottieQPSK. 16QAM. 

and 64 QAM modulatton methods. . ■ ■ ■ 

p)047] Rg. 1 8 Is a view of a communtoatton operatton in a communfcatton system of the present Invention. 
[0048] Rg 19 is a view of the format of a response signal transmitted by the receiving apparatus. 
[00491 Fig 20 Is a view of the format of a resewatton message transmitted by the transmitting apparatus. 
. [005(q Rg 21 Is a view of a format of a signal for notifying the result of reception transmitted by tine receiving appa- 
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ratus. 

[00511 Fig. 22 Is a block diagram of an example of the configuration of a transmitting apparatus of the prior art. 
[0052] Rg. 23 is a Wock diagram of an example of the configuration of a receiving apparaUJS of the prior art 
[0053] Fig. 24 is a view of differential phase modulation in a transmitting and receiving apparatus of the prior art. 

5 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS: 

[0054] Rgs. 1 and 2 show a first embodiment according to the present invention, in which Rg.1 is a btock diagram 
of an example of a configuration of a transmitting apparatus according to the present invention, and Fig. 2 is a bloc* 
10 diagram of an example of a conf iguratton of a receiving apparatus according to the present invention. 

[W)551 As Illustrated, the transmitting apparatus of the present embodiment Is configured by a channel encoder 201 . 

• an interleave circuit 202. a symbol mapping circuit 203, a differential modulatfon/pilot additton droiit 204. a signal 
randomization circuit (RPS/ROT) 205. a multiplex circuit (MUX) 206, an inverse fast Fourier transfonn circuit (IFFT) 
207, and a transmissbn circuit (Tx) 208. 

IS ■ [00561 The channel encoder 201 encodes an Input bitstreamDBSMoftheM channels. Note thatthe related encoding 
includes, for example, error correctton as well as encoding. The encoded data stream Is supplied to the interleaver 
. 202. The interleaver 202 perfomis Interleaving to rearrange the order of the data of the Input data stream. The Inter- 
leaved data stream Is supplied to the symbol mapping circuit 203. The symbol mapping circuit 203 creates a symbol 
stream In' accordance with the data modulation method in each sub-carrier. A detailed configuration of the symbol 

20 mapping circuit 203 Is explained below. 

• [0057] The symbol stream produced by the symbol mapping circuit 203 Is Input to the differential nrodulation/pilot 
addftion drcutl 204. The differential modulation/Jiilot addition circuit 204 selects the differential modulation method in 
accordance with the charai^eristlcs of the transmission data, for example, the amount of data of the padcet In the case 
of packet communication or a permissible value of an en'or rate corresponding to the Importance of the ft-ansmisslon 

25 Infomiation for the Input symbol stream or Inserts pilot synribols for estimating the transmission path. The transmission 
symbol stream Is produced by tfie dPerentlal mocftilation/pilot addition circuit 204. 

{00581 The signal randimization drcuit 205 orthogonally transfonns the transmission symbol stream. The orthogonal 
transfonn of the related transmission symbol stream randomizes the signal points and enables Wentification of an 
Interference wave. Note that me signal randomteatton circuit 205 Is provided in the trarismltfing apparatus according 

30 to need. It Is also possible to omit this circuit depending on the system. The trarismissbn symbol sfe-eam ou^ut by the 
differential modulation/pilot addition circuit 204 or the signal randomization circuit 205 Is input to the multiplex drcuit 
20e. The multiplex drcuit 206 multiplexes the transmission symbol stream of the M channels and the transmission 
symbol streams of other pfcirality of channels and outputs a multiplexed symbol stream. Note tiiat the transmission 
symbol streams of the other channels are created after substantially the same processing as that for the transmission 

35 symbd stream of the M'th channel described above. 

[00591 The multiplexed symbol stream Is subjected to Inverse fast Fourier transform by the Inverse fast Fourier Uans- 
form drcuit 207 to create a transmission signal on the time axis. Further, the Inverse Fourier ftransfomi drcuit 207 adds 
a guard band to tfie obtained transmission signal on tiie time axis and further restricts the time of the transmissfon 
signal by a time window. The transmission drcuit 208 modulates tiie transmission signal output from the Inverse fast 

40 Fourier transfonn drcuit 207 to the high transmission frequency and radiates the same Into space tiirough tiie trans- 
mission antenna 209. 

[0060] As shown In Fig. 2, tiie receiving apparatus of the present embodiment Is configured by a channel decoder 
211, a deinterteave drcuit 212. a bit extraction drcuit 213, a transmission patti estimation drcuit 214. a signal rand- 
omization demodulatfon drcurt (RPS/ROT) 215. a channel selection drcuit 216, a Fourier transform drcuit (FFT) 217, 

45 and a reception drcuit (Rx) 218. 

[0061] The reception drcuit 218 receh^es the signal of the Intended baseband through a receiving antenna 219. 
converts ttie frequency of tiie received high-frequency signal and outputs the signal of the baseband. This baseband 
signal is supplied to the fast Fourier transform drcuit 217. The fast Fourier transform drcuit 217 performs a Fourier 
transform on tiie signal of the baseband input from tiie reception clrcuft 218 and finds ttie received symbols in each 

so sub-carrier. 

[00621 The channel selection circuit 21 6 selects tiie received symbols of the Intended channel from among ttie re- 
ceh^ed symbols of ttie sub-carriers obtained by the fast Fourier transform drcuit 217. Note that ft is also possible to 
arrange tiie channel selection circuit 21 6 before ttie Fourier transform drcuit 21 7. In other words, the channel selection 
drcurt 216 is provided between the reception drcuit 218 and the fast Fourier transform circuit 217. Only ttie received 
55 signal of ttie Intended channel In ttie signal of the baseband received by ttie reception drcuit 218 Is selected and 
supplied to the fast Fourier transform circuit 217. 

[00631 The signal randomization demodulation drcurt 21 5 orthogonally transforms ttie selected received symbols of 
" the predetermined channel to return them to the original received symbol stream. Note ttiat ttie signal randomization 
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demodulation circuit 21 5 Is provided corresponding to the signal randomization circuit 205 In the transmitting apparatus 
shown In Rg 1. Namely, the transmission signal orthogonally transformed and randomized in signal points by the 
signal randomization circuit 205 at the transmitting apparatus Is orthogpnally transformed again at the receiving appa- 
ratus to return it to the original one. For this reason, when the signal is not randomized at the transmitting apparatus, 
the signal randomization demodulation at the receiving apparatus Is unnecessary. , , ^ 

[00641 The transmission path estimation circuit 214 estimates a phase fluctuation of the transmission signal In the 
transmission path and corrects the phase fluctuation occurring in the transmission path. The phase of the received 
symbol stream fluctuates In the transmission path, therefore the transmission path estimation circuit 21 4 estimates the 
transmission path by differential modulation or by using pilot symbols added by the transmitting apparatus so as to 
estimate the phase fluctuation occurring In the received symbols due to the transmission path. Then, by using the 
detected amount of phase fluctuation, the phases of the received symbols are corrected to find the received symbol 
stream purely modulated in accordance wHh the transmission Information. The corrected received symbol stream is 
suppHed to the bit extraction circuit 213. and the bit extraction circuit 213 extracts the received and encoded symbol 
stream. Note that an explanation is madeof details of the transmission path estimation circuit 21 4 and the bit extraction 
circuit 21 3 hereinbelow by giving concrete exarr^les of the circuits. u. t.u. \^ 

[0065] The deinterleave circuit 212 rearranges the received and encoded symbol stream extracted by the bit extrac- 
tion circuit 213 to return It to the origlrial order. Nswfieiy. the transmission symbol stream rearranged by the Interleave 
circuit 202 m the transmitting apparatus is processed In reverse, so the data forming the receh/ed and encoded symbol 
stream IS rearranged to the original order. ^ u i 

[00661 The delntcrlcaved received and encoded symbol stream Is input to the channel decoder 211 . The channel 
decoder 211 also performs for example error correctton and decoding on the receh/ed and encoded symbol stream. 
In ttils way. the bit stream corresponding to the irttfirided channel Information In the transmisston signal of a plurality 
of channels transmitted by the transmitting apparatus Is obtained. The error correctton and decoding processing may. 

Include for example, Werbi decoding. ^. ^ ^ 

[00671 ThecommunlcatfonsystemlsconflguredbylhetransmittingapparatusarKJthereceh/ingapparatusdescribed 

above In regard to Figs. 1 and 2. The communication system encodes a data stream DBSM Indicating transmission 
Infomiatlon In the M4h transmission channel using the channel encoder 201, Interleaves it. then maps the symbols to 
form a transmission symbol stream: Further. It perfonfis differential modulalton. or adds pHot symbols. In aoooidance. 
with the characteristics of the transmisston data and. If necessary, randomizes the signal by orthogonal processing, 
then inputs the result to the multiplex circuit The transmisston data streams of the other plurality of channels pass 
through the same processing and are Input to the multiplex drouit 206 where they are multiplexed by the multiplex 
circuit 206 to form the multiplexed symbol stream. The multiplexed symbol streams fbrmed In this way are subjected 
toan Inverse Fourlertransformtoobtaln atransmisston signal on the time axfe. This Is modulated to a high transmisston 
frequency by the transmisston drcuit 208 and transmitted. ^ ^ ^ .u ..k— ^ 

[0068] The receiving apparatus receives the transmisston signalof the Intended band and converts ittothe baseband 
by frequency converston. It applies a Fourier transform to the received signal that has been converted to the baseband 
to obtain received symbols corresponding to the sub^arrlers. Further. It selects the received symbols of the intended 
channel, restates the original symbol series by a second orthogonal transform according to need, estimat^ the trans- 
misston path by the transmisston path estimation circuit 21 4. and corrects the phase fluctuation In the received syrnbol 
stream The bit extrictton circuit 213 extracts the received and encoded bit stream from the phase corrected received 
symbol stream, the deinterleave circuit 21 2 rearranges the data to restore tt to the original order, and then the channel 
decoder 211 pertbnns error con-ecBon and decoding. ^ j , 

[00691 The communteatton system configured In this way transmits the information data by the OFDM modulatton 
method to reanze hlghi>reclslon signal transmisston. It should be noted that the above transmisston system was de- 
scribed with reference to thecase where the transmitting apparatus muWptexed and transmitted a plur^ of channels 
and the receiving apparatus received one channel among them, but an actual communlcatton system Is not limited to 
this. For example, there also exists a case where the transmitting apparatos transmits data by using one channel, and 
the receiving apparatus receives multiplexed senate. ^ .^^ . 

[00701 The following Is a detailed explanatton of the method employed for the estimation of the transmission path in 
the communlcatton system of the present embodiment. For example. In packet transmisston traffic, there are cases of 
transmitting a small amount of data of about several bytes, such as command Informatton. and cases of transmitting 
a reiath/ely large amount of date of about tens of kilobytes. Further, there Is also a demand for transmitting Information 
while reducing the time taken as much as possible. Considering this situation, when transmitting and receiving Infor- 
matton by mulU-carrler transmisston. it is effective to change the method of the estimation of the transmisston path In 
accordance with attributes of the data. Here, as the attribute of the date, the explanatton will be made of the method 
of transmission and reception for changing the method of estimatfon of the transmisston path in accordance with ttie 
size of the data to be transmitted and received by one block, taking as an example the size of the date to be transmitted 
and received. 
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Transmisston Path EstimaSon Method 1: 

pjOTI] Rg. 3 schematically represents transmission path estimation method 1 in the transmitting apparatus of the 
present invention relating to an example of differential mo<ftJlation. In this example of differential modulation, an example 
of differential modulation when transmitting the data which can be handled in one modulation period Is shown. As 
Illustrated, when transmitting a packet comprised of a small amount of data, for example, when transmitting and re- 
ceiving only symbols for one modulation period, the transmission path Is estimated with reference to the adjoining 
symbols on the frequency axis to estimate the received symbols. In 8U<* a transmission path estimation meftod. the 
differential phase modulation Is on the frequency axis. Specifically, as Illustrated In Rg. 3. when transmitting the symbols 

SYB1 , SYB2 and SYB7 In the sub-carriers f 1 , f2 and f7. respectfully the symbol SYB1 Is transmitted as it is as 

a reference, and a difference between the symbol SYB2 and the symbol SYB1 is made the next transmission symbol. 
After this, the difference between each of the symbol SYB3 to the synr>bol SYB7 and the transmission symbol in each 
previous adjacent subKarrier is obtained In the same way as with the symbol SYB2. and the differential symbols are 
transmitted as actual transmission symbols. . . . w 

100721 By transmuting and receiving the symbols In this way. It becomes possible to transfer Information just by 
transmitting and receiving of one modulation time period's vrorth of symbols, so communication Is possible utilizing 
less than the normally required bandwidth. In a multiiiath environment accompanied with delay, the frequency char- 
acteristics do not bfecome flat, but can be considered as approximately flat between two sub-carriers, therefore it is 
possible to keep detertoratton of the charaderislics to the towest limit, even In differential modulation between sub- 
carriers. ' • 

Transnteskm Path Esdmation Method 2: 

p»73l Fig. 4 schematically represents another transmisston path estimation method In the present embodiment, 
relative to a differential modulation method when transmitting data that can be handled in several modulation periods. 
In this case, differential phase modulation is performed in a frequency directton and In a time direction. In the Hhjstrrted 
example, differential phase modulation is performed on the symbols SYB11 to SYB17 transmitted as the first symbol 
on the time axis with reference to the adjoining symbols on the frequency axis. Nanwiy, In the same way as the example 
shown in Fig. 3, for example, when transmitting the symbol SYB12, the dWewnce between the symbols SYB12 and 
SBY11 Is transmitted as the actual transmission syrr*ol. The following transmisston symbols are then slmllarty created 
In aooordahce with the difference between each of symbols In sub<aniers up to the symbol SYB17 and the symbol In 
each prarious idjaioent sOborrier. . j«. 

100741 Differential phase modulation is performed on the symbols to be transmitted at the second symbol and the 
following symbols on the time axis wWi reference to the adjoining symbols on the time axis. For example, when trans- 
mitting the symbols SYB21 toSYB27lnthesub^:arriersf1 to f7 at a time t2. the dWference between the system SYB21 
and the symbol SYB11 Of the sub-carrier f1 transmitted at a time t1 Is found to create a transmission symbol. In the 
same way, differential symbols are found for the symbols SYB22to SYB27 In ttiesub-carriersfromf2tof7ln accordance 
with tiie differences between them and the symbols SYB12 to SYB17 transmitted at ttie time t1. so as to achieve 
differential phase modulation. «. . \« j.^. « , 

[00751 Similariy, when transmitting the symbols SYB31 to SYB37 in ttie sub-carriers f 1 to f7 at a time t3, differential 
symbols are found In accordance wtth differences between them and the symbols SYB21 to SYB27 trarwmltted at ttie 
time t2 so as to achieve differential phase modulatiori. 

[00761 When performing differential phase modulation on the symbols to be transmitted by the transmitting apparatus 
as described above, thfe receiving apparatus, in response to this, performs differential phase demodulatton on ttie 
received symbols using a reference symbol received at first for ttie received symbols, so as to obtain the original 

transmission syml)Ol. ^ . ^ ^ , * ^ 

[0077] By transmitting and receiving symbols In this way. it is possible to limit ttie reference symbols not modulated 
with Information to justthe flrstsymbol of the frequency axlsAlme axis, tiius the maximum number of symbols modulated 
with information can be secured. Furttier, since the differential phase rhodulation in the timo direction Is carried out 
from the second symbol, even in a propagation environment where the frequency characteristic Is relatively vigorous, 
not only can the communfeatkin path be secured well, but also, even m the case where tiie characteristics of an analog 
filter are notflat.it becomes possibtetokeepttielr Influence to ttie towest «mlt.Notethat.lnFlg.4.thecaseof transmitting 

three symbol's wortti of data on ttie time axis was illustrated, but the number of symbols Is not limited to three. Needless 
to say. the present Invention can also be applied to the case of transmitting and receiving more symbols. 

transmission Patii Estimation Mettiod 3: 

[00781 Fig. 5 shows another example of differential phase modulation for ttie case of transmitting data which can be 
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handled in several modulation periods. As illustrated in this example, in substantially the same way as the ej^mpte 

showSin Fig- 4! the symbols SYB11. SYB12. .... SYB17. SYB21. SYB22 SYB27. SYBSI, SYB32. and SYB37 

are transmitted at the modulation times t1.t2. and t3 using the subcamersfl to f7. , . ■ 
r00791 As shown in Fig. 5. for the second and following symbols on the time axis, it is possible to mate the reference 
symbol any adjoining symbols on the frequency wlsffime axis. In this example as well, the number of the reference 
svmbols not modulated with Informatton can be kept to Just one symbol. ; u • 

[00801 SpecificalV. for example, at the time t1 . when transmitting the symbols SYB11 to SYB17 in the sub-earners 
1 to 17. the differential phase modulation is performed by finding each difference with reference to the symbohn the 
adioini.;gsub^rrler. Then, at the time t2. the phase difference of each symbol Is found wrth reference toti^^^ 

sub-carrier on the time axis or the frequency axis for differential phase modulation. For «'[«"P^- " 
the symbol SYB21 , the dHferenoe from the adjoining symbol on the time axis, that is. the synribol SYB11 at the t«ne t1 . 
Is fdund so as to create the transmission symljol. ' . ^ 1 , tu-» 

roosil When transmitting the symbol SYB22. the difference from the adjoining symbol on the frequency axis, that 
is the symbol SYB21 In the su^carrier f 1 . is found to produce the transmission symbol. When then transmitting tiie 
svmbols SYB23 to SYB27. the transmission symbol is created by the difference from each adjolnli^ symbol on the 
frequency axis or the time axis. Further, similar processing is carried out In the case when transmitting the symbols 
SYB31to SYB37atthetimet3. , j. • 

100821 It should be noted that In the example of the differential phase nfwdulation shown In Rg. 5. when producing 
a differential symbol. It Is necessary to notify the receiving apparatus of the selection pattern of the adpWng symbol 
acting as the reference symbol. Further, If deciding on the pattern of the related reference symbol in advance as an 
agreement between the transmitting and receiving apparatuses, transmission of the pattern becornes "nnece^. 
I^r example, the pattern of the reference symbol is determined Ifi advance as a commonteatoon protocol o^b^ 
munleafion system, the transmltBng apparatus and the receWlng apparatus select the reference symbol by the pattern 
determined by the protocol atthetlmeofcoriimunication. a differential symbol Is found with ^^spejtoatrai^^ton 
symbol in the transmitting apparatus in accordarK» with this, differential i^ase modulation 
symbol is selected according to the protocol In the receiving apparatus, and the original transmission symbol for the 
rec0tved symbol Is reprochiC6d. . 
mom m the case shown In Fig. 5. changing the pattern for setting the reference syn*ol wW. respc^ to each 
symbol for every cdmmunlcatlon channel the signal points after the differentlar phase demodulation sgnajs 
(interference wave) of the other channels no longer have a meaning, therefore, the bit stream after demodulation « 
udged as error m error detection. Accordingly, date of a different channel as data addressed to the receiving apparatos 
Is no longer erroneously demodulated and it is possible to simultaneously obtain a simple encryption effect. 
mm ngs6and7riresentothermethodsofthee8tlmationofthetrarismlsstonpath-TherefoHowsanexplanation 

will be made of these estimatton methods of the transmfeston path by referring to these figures. ^ 
[00851 Whentransmittlngalargevolumeofdata,symbolsfore8tlmatingthetransnriiS8lonpa^ 
to the symbols moduteted with the Infonration data. The data Is transmitted together with these symbols. Then, the 
reoeh/Ing apparatus finds the phase fluctuation of the transmission path by using the transmission path estlrration 
symbols and corrects the phase error of the symbols modulated with the Informatlon.data In accordance with that, so 
to correctly reproduce the Information symbols. Further, the total required EWNo of the transmission signal can be 
reduced in comparison with the case where dMferential phase modulation Is carried out. ■ . ' 

100861 inthefoltowlngexplanatlon.thesymbolsmodulatedwlththeinfornr»ationdatawillberefenredtp 
symbols and the transmission path estimation symbols will be referred to as pilot symbols tor convenience. 

Transmission Path Estimation Method 4: 

. fOOSTl Fig 6 represents inserting pilot symbols Into the infonnatlon symbols. As Illustrated, at the time t1 the Infor- 
mTnsyl>IS^B11 is assigned to the subK^arrierfl. and a pilot symbol PSB11 Is assigned to tiiesub^^^ 
Further.me information symbols SYB12toSYB16and pilot symbols PSB12andPSB13areassignedtothe other su^ 

AUhTtime t2. the Infomiation symbols SYB21 to SYB26 and pilot symbols PSB21^SB22. ar^ PSB23 are 
Sed to the sub-carriers f 1 to » and at the time t3. similarly, the Informatton symbols SYB31 to SYB36 and pilot 
symbols PSB31,PSB32, and PSB33 are assigned to the sub-carriers f1 to f9. 

[00891 As shown In Fig. 6. the pHot symbols are assigned In a constant ratio with respect to the infomiation symbob. 
Specifically, one pilot symbol Is Inserted per two Information symbols. Note that the position of insertion of the pito 
syTboUha fe,thLs-^nedsub-carrier.shlf^ 

PSB11 is assigned to the sub-carrier f2 and the pilot symbols PSB12 and PSB13 are assigned to the sub-car lers K 
and fS. contrary to this, at time t2. the pilot symbols PS821 , PSB22. and PSB23 are assigned to ^^^^^ «• 
f6 and 19 and. further, time t3. the pilot symbols PSB31. PSB32, and PSB33 are assigned to the 8ub<arriers f1. f4. 



EP 1083 719 A2 



and f7. . \« • u I • 

(00901 As explained above, the Uansmttting apparatus inserts the pilot symbols into the information symbols in a 
constant ratto. The pilot symbols are Insertedlnthesub^arrier and the time bands are determined in advance. Ordinan^ 

information symbols are assigned to the sub-caniers and the time bands other than those. The receiving apparatus 
extracts the pilot symbols from among the receded symbols, estimates the characteristics of the transmission path in 
accordance with them, corrects the phase fluctuation etc. of the other information symbols occurring on the tr^^^ 

path based on them, and therefore correctly reproduces the information symbols. When the data to be transmitted is 
large in volume, the ratto of the pilot symbols to the number of total infonnation symbols to be transnittted can be 
lowered, therefore deterioration of the signal due to the differential phase modulatton shown In Rg. 3 to Rg. 5 can be 
avoided and it becomes possible to reduce the total required Eb/No. 

[0091] Further, when transmitting a large volume of data, there are also cases where it is necessary to transmit a 
larger amount of data with a narrow frequency bandwidth. In such a case. It Is assumed that muKivalue modul^wn 
such as C3AIVI is applied in place of the usual QPSK modulation. For example, a data modulation method such as 
16QAM or 64QAM is frequently used. In these muW-value modulations, Information is modulated also in the amplitude 
component, therefore It is no longer possible to apply the differential phase modulation mentioned above. From this 
viewpoint as well, when transmftting a large volume of data, It Is preferable to use pilot symbols as the transmission 
path estimation method, rather than differential phMe modulation. 

[00921 lntheexamplesho>(mlnRg.6.thepltotsymbolsarealwaysinsertedintotheinformationsymbolsina<»nstant 
proportion, but the present Invention is not limited to this. There Is also a method of estimation of the transmission path 
by variable pilot symbols, that is. by changing the ratta of assignment of pilot symbols with respect to the Infonnation 
symbols, along with the elapse of ttw transnfcston time. 

Transmission Path Estimation Method 5: 

[00931 Fig. 7 represents assigning pilot symbols to the information symbols not by afixed ratio, but by a ratio changing 
according to the time elapsed from the start of the transmission. As iUustrated, Information symbols and pilot symbols 
are assigned to k suborrlers f1. f2, f3. .... and fk. Further, the assignment ratk> of pilot symbols at the modulabon 

times t1 . t2, t3 and tm gradually changes atong with the elapse of time from the start of the transmission ■ 

[00941 Forexampie.atthemodulationtimet1,onepitotsymborisln8ertedfbreveiylnfbnnalk)nsyn*ol.Aslli^^ 
the pilot symbol PSB11 Is Inserted between the infomiation symbols SYB11 and SYB12. At the next modutetion time 
t2. one pilot symbol is Inserted for every two Infomiatton symbols. Fbr example, the pilot symbol PSB21 Is Inserted 
aver the information symbols S YB21 and SYB22. Next, at the modulatton lime t3. one pitot symbol is inserted for every 

three information symbols. ' \^ .„«K«ie 

[00951 In this way. atong with the elapse of time after the start of the data transmisston. the number of pilot symbols 
to be assignedto the Informattonsymbolstegradually towered. Namely. Immediately afterthe starts 
the characteristics of the transmission path are completely unknown, therefore the pitot symbols are inserted in the 
Infomiatton symbols at a high ratto. Conttary to this, the receiving apparatus can extract the pitot symbols from among 
the received symbols and quickly estimate the charactertetfcs of the transmisston path and can correct me error with 
respect to the informatton symbols. Then, after a constant time elapses after the start of the transmisston the charac- 
teristtos of the transmisston path are stored to a certain extent by the estlmatton of the transmisston path up tottien. 
As a result, the change of the characteristics of the tiansmlssfon path can be tracked by Just a few pitot symbols. It 
therefore becomes possible to accurately correct the re<»ivedinformiatton symbols. 

[00961 When the transmisston path is fixed, for exampte. when the positions of the transmitting apparatus and the 
receding apparatus are fixed and the propagatton path of the radfo wave Is almost constant between ttje^'.^e char- 
acteristics of the transmisston path become almost constant. When the predetennined time elapses after the start of 
the transmisston. the receiving apparatus can fairly completely detemilne the characteristics of tiie transmlssten path. 
In thb case, it Is not necessary to Insert pitot symbols Into the transmitting signal, so when ttie predetermined time 
elapses after the start of ttie transmisston, the insertton of ttie pitot symbol is ceased. Then, the receiving apparaUis 
estimates and stores ttie characteristics of the transmisston paths by the pitot symbols received after the start of the 
transmisston. After ttie transmission of the pilot symbol is ceased, errors of ttie received symbols are corrected by 
using the characteristtes of the transmisston pattis estimated up to tiien. so as to reproduce the original information 
svrnbois 

[00971 On the ottier hand, where ttie transmisston path is not fixed, for example, in the case of nx>blle telecomniu- 
ntoattons. the position of ttie receiving apparatus changes every moment and the characteristics of ttie transmission 
path between ttie transmitting apparatus and the receh/ing apparatus constantly change. Therefore, it Is rtecessary to 
continuously estimate ttie transmisston patti. In ttiis case, it is necessary to continuously transmit tiie pilot symbols 
even after the constant time elapses after the start of the data transmission. Note that after the constant time elapses 
after the start of the data transmisston, in accordance with ttie state of ttie transmisston path, ttie ratio of assignment 
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6f the pilot symbols can be set tower in comparison with that immediateV after the start of the data transmission. At 
this thne. the receiving apparatus may receWe successively transmitted pilot symbols and add the change of the newly 
estimated characteristic to the characteristics of the transmission path stored up to then to correct them. Then. *e 
apparatus corrects errors of the received information symbol in accordancewnhthecharacteristK» of the tra^ 

path to reproduce the original Information symbols. According to the method of estimation of the information path by 
pilot symbols of the present invention since pUot symbols arc inserted into the Information symbols at.a high rato 
immediately after the start of the data transmission and the assignment ratio of the pilot symbols Is gradually reduced 
along with the elapse of time, a high quality of transmission is obtained immediately after the start of oommun.cat«n. 
At the same time, the ratfo of the pilot symbols to the infomiation symbols to be transmitted is gradually lowered, the 
efficiency of the Information transmission is gradually raised, and thus effective utilization of the.frequency band can 

[00981 As explained above, according to the present embodiment, by changing the method of estinwtion of the 
transmission path and the modulation method In accordance with an attribute of the data to be transmitted for exa^nple. 
the size of the packet to be transmitted. K Is possible to constantly use the optimum transmission method when trans- 
mitting packets having different sizes and.thereby Improve the transmission efftelency and enhance the quality of com- 

ra099r°fIext.adetaltedexplanattonwlH 

wnfiguringthetransmmingandreceh^lngapparatusforreanzlngthetransmlsstonpathestimattonmethodo^ 

embodiment by referring to the drcuft diagrams. ^ ' 

[01001 Rrst. an explanatton will be made of the data modulatfon method used In the communication system of the 
present embodiment by referring to Rg. 8 and Fig. 9. Here, the explanatton v.111 be made wHh reference to the two 
QPSK and 16QAM data modulation methods frequently used In multi-carrier communfcation. ^ . ^, . ,^ ^, 
[01011 Rg.8lsav^ewoftheslgnaldlslrlbutfonshowi^gtheQPSKmodulattonmethod.^totethatthlsslgn^ 
diagram is also referred to as a constellatton. In QPSK modulatton. the modulation Is performed by two bits of date in 
o!S il^nler. For this reason, as shown In F«. 8. a modulated signal has four f •«;tou«ons^T^e ~IT^,h^ 
(0 0) (0. 1). (1. 0). and (1. 1) of the modulated data. In a modulated signal obtained by the QPSK modutetion. the 
SeL betii; dl^r Jk,; i.ints of the signals is tai^e. that Is. the Hamming c«stance <>fj»« '«><*"'^^^^^^^^^ 
large therefore the error rate due to the noise of the. transmlsston path Is tow and the noise tolerarioe Is good. In ttite 
SS^n method, however.therateofutillzaton of theffequency band is low. ^^^^ 

t^emrtronment ^here the size of the data » relatively small and the influence of the noise In the transmlsston path 

raSl^W 9 Is a signal distilbutton diagram of the 16QAM modulation method. As shown In FJ. 9. In 16QAM jnod- 
ulatton. a spinal Is m(X)ulated by 4 bits of data in oite sutHarrler. m ttie modulated signal, "f Pj^' 

amplitude are modulated. AS Shown in the signal distrtbution diagram of 
riStion method, the interval of the distributton points of tiie slg^ 

so the rateofoocurrenceoferrorduetotiie noise of thetransmlssten pah becomes higher. Na^^^^ 

to infertor to the QPSK modulatton metiiod. In the 16QAM modulatton method, however, the rate of util^on of^the 

fre^ency band Is high, therefore when transmitting a large volume of data, a muftl^aUie -^"'^^to" '^^^^ 

"SSvMteapplled.lnthlscase.lnordertolmprovettTetoteranceto^^^^ 

c^munk^Ken under a iow SNR emrlronment Further. It is also possible to enham^ ti,e toteranc^ to notee 
SS^the maximum output power of the transmitter high within the pennlsslbte range of the transmlssK,n power of 

S5S'^Mtoughonlytiietwo modulatton methods 

fenVnot llm-rtS to tiJese modulatton methods, and It Is also possible fo use a modulatton method such as 8PSK or 

ra-SJT °rr^nsm^ton path estimation method of the first embodiment of the present '"ventton^ for example 
Ihenlslng differential phase modulatton. that Is. In the method of finding the difference 'i^;'^^^^'^;;;^^^ 
■ timeaxlsorfrequencyaxistocreateatransmisstonsymbol.byprodudngareferencesymbolusli^QPSKm^^ 

ntiti^t^sLewhentransmlttlngareferencesymbolflrstwhenstartingthed^^ 
: symbol can be>ilghty precisely demodulated at the receptton side. Therefore, the original transm«s«n symbote can 

rrepr«S^:edin acL^ance with multl-functton differential symbols uslngthis. When Inserting P'^tsy^bols »,«^een 
. the information Symbols and estimating the transmission path by tiie related pilot symbols the pHot symbols can be 

created and transmitted by the 16QAM modulation method. In this case, due to the preciston of tiie estimation of the 
. transmlsston path, the deterioratton of the 16QAM nobe tolerance can be absorbed to a certain extent 

[M051 Nextanexplanattonwlllbegivenoftheclrcultconfigurattonandtheoperationofthesymbolniaw^^ 

203 and the differential modulation/pilot addHton clrcuft 204 of tfie transmitting apparatus in thj Present emb«xJim^^^^^^ 
Ra 10 is a btock diagram of an exampte of the conflguratton of tiie symbol mapping circuit 203. Note that efther the 
QPSK or 16QAM modulation method can be applied to ttie symbol mapping circuit 203 of the present example. As 
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Hlustrated, the symbol ifiapping circuit 203 is configured by a serial/parallel conversion circuit (S/P conversion drcuit) 

301 a QPSK mapper 302. a 16QAM mapper 303, and selection circuits 304 and 305. The input brt stream DBS is 
converted to parallel data by the serial/parallel conversion circuit 301. Note that, here, the number of bRs of the serial/ 
parallel conversion Is set m accordance with the modulation method. For example, when using the QPSK modulation 
method, the bit stream DBS is converted to parallel data and supplied to the QPSK mapper 302 two bits at a time, 
while when using the 16QAM modulation method, the b it stream DBS is converted to parallel data and supplied to ttie 
16QAM mapper 303 four bits at a time. As Illustrated, a control signal SC from the outside Is Input to the serial/parallel 
convereion circuit 301 . The serial/^>arallel conversion circuit 301 selects either 2-bit or 4-bit conversion in accordance 
with the related control signal SC and outputs the obtained parallel 2-blt or 4-bit data to either of the QPSK mapper 

302 or the 16QAM wrapper 303. . ^ 

[01061 The QPSK mapper 302 maps the inputdatato create aQPSK modulated signal having the K3 data distribution 
in Fig. 8 corresponding to the combination of the input two bits of data. On the other hand, the 16QAM mapper 303 
maps the input data to (jteate a 16QAM modulated signal having the l-Q data distribution in Fig. 9 corresponding to 
the combination of the input four bits of data. The selection circuits 304 and 305 select either the output signal of the 
16QAM mapper 303 or the QPSK mapper 302 in response to the control signal SC and output the same. ^ 
miOTl Due to the mapping drcuit 203 having the above configuration, the input bit stream DBS is modulated by 
either of the QPSK modulation or 1 6QAM mbdulation according to the intended modulation method, and the orthogonal 
signals I and Q in the modulated signal are output. ' ■ . . .... 

roiOSI Fig. 11 teabtocitdiagramof anexampleoftheconfigurationof thedifferentialmodulation/pibtadditioncircuit 

204 As illustrated, the dlfferentiar modulation/pilot addition circuit 204 is configured by phase conversion circuits 401 
aiid 402. a buffer/control drcuit 403. a pilot storage drcuit 404. and a multlprpcsessor (MUX) 405. The phase conversion 
dfcults 401 and 402 rotate the phase of each of the Input l-slgnal and Q-slgnal In response to control signals Spl and 
Sp2 from the buBer/control drcuit 403. This processing Is Used when the phase conveislon drouits 401 and 402 peiform 
the differential phase modulation. By changing the phase of the signal In aooordanoe with the Phase value of tiw 
adjoining symbol at the time of the differential phase modulation, differential phase modulation of the QPSK signal Is 
carried out The ^signal and the Q-slgnal. differentially phase modulated by the phase conversion drcults 401 and 
402. are Input to the boffer/fcontrol drcuit 403 and the multiprocessor 405. The l-slgnal and the Q-signal are stored in 
a buffer of the buffer/control drcuit 403 and used as adjoining symbols at the next differential phase modulation. 
101091 Note that In differential phase modulation In the frequency axis direction, the symbol Input one position before 
becomes the adjoining symbol, while In dHferenfial phase modulation In the time axis direction, the symbol at the same 
position transmitted one modulation time betbre becomes the adjoining symbol. The control drcuit In the bu«br/contK>l 
circuit 403 decides whether to apply differential phase modulation In the frequency direction to the Input symbol or 
differential phase modulation In the time direction In accordance with the control signal SC2 from the outside and 
controls how the phase com^erslon drcults 401 and 402 rotate the phases In accordance with the result The phases 
In the phase conversion drcults 401 and 402 are rotated by a signal point mapper to eight points. Namely, the same 
operation as that of the ordinary differential QPSK (DQPSK) modulator is carried out In differential phase modulation, 
the l-signal and the Q-signal Input to the multiprocessor 405 are output to the outside as a transmteslon symbol train 

astheyare. , »», • *k' 

fOIIOl The pilot storage drcull 404 is used when inserting the symbols for estimating the transmission path, tn tnis 
case, the I- and Q-slgnals input to the phase conversion drcults 401 and 402 are not phase modulated, but p^s 
through these phase modulation drcults as they are and are Input to the multiprocessor 405 and stored in the buffer 
provided inside the multl-piocessor 405. The pilot storage circuit 404 Is instructed as to the Insertton position of ttie 
symbol for estimating the transmission path by the coniiol signal SC2 from the outside, and therefore outputs the pilot 
symbols stored in the multiprocessor 405 acooKfing to the related control signal SC2. 

101111 The multiprocessor 405 inserts the pilot symbols Into insertion positions according to the instnjctions when 
the Insertion positions of the symbols for estimating the transmission path are instruded by the control signal SC2 from 
the outside. It outputs the Input symbols to posftlons other than this. ^ ' .^u ^••-«««,i 

roilM Due to the differential modulation/pilot addition drcuit 204 configured as described above, either differential 
phase modulation or pilot symbol Insertion is executed In response to the control signal SC2 from the outeWe In 
differential phase modulation, the phases of the Input I- andQ-slgnals are wtated by the phase con^^ 
and 402 in response to the control signals Spl and Sp2f rom the buffer/control drcuit 403. Further, tiie phase-modulated 
l-and Q-slgnals are stored In the buffer and used as the adjoining symbols at the next differential phase modulation 
When adcfing transmission path estimation pltot symbols, the Input I- and Q^lgnals are Input to the "^'t'Pf^fSS^^^ 
through the phase conveision drcuits 401 and 402. The multiprocessor 405 inserts the pilot symbols stored in tiie pilot 
storage circuit 404 into tt»e positions indicated by tiie control signal SC2 and outputs them to the outside. Symbols to 
be Input into poslttons other than this are output. 

[01131 In tiie transmitting apparatus, the mapping drcurt 203 and the differential modutation/pitotaddrtio^ clroift 204 
modulate the input bit stream DBS by ttie intended modulation method, for example QPSK or 16QAM. In differential 
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IS 



A . tho nhacp* Of the I- and Q-slgnals of the transmission symbols are rotated with reference to the 
apparatus including '^^^^^^l^^'^tS piS^^^rLal phase n«dulatJcn on these 

phase modulation, and it outputs an l^ignal and "^^^ , ^^^^^ or Q-slgnal 

45 izer ais and the l-signal and Q-slgnal Input are ^^^^^ ^^^^^^f^!^^^^^ Phase modulation in the frequency direc- 
I0122J When the transmission p^h «f '"'Jf^^^J^J^'^^^ olrSlt sS to the 

tlon. the l-slgnal and the aslgnal input to me »'"!f,^~"*^^°'^^^^^^ perfbrms complex number mul- 

so Q.slgnal 512 and the ^'^^^f''^^^^^' '^S^s^ls differential phase modulation in the time direction, 
[01231 When the jansml^ion p^h ^m^^ 
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time direction are mixed, the buffer/control citcuit 502 judges by the information obtained from the Input control signal 
SC3 in which of the frequency direction or time direction the symbols Input to the buffer 501 ^tthe present should be 
differentially phase demodulated and outputs the corresponding symbol among the symbols stored InjWe the bulferf 
control dreult 502 as the referance symbol. The output symbol is Input through the selection arcuit 505 to the mujl- 
plication circuit 504 and Is multiplied with the input symbol, and the Q-slgnal 512 and the l-slgnal 511 are output as the 

result of multipiicatton. . .^..^u- i 

101251 In coherent detection, the Input symbols are stored by the buffer 501 . Simultaneously with this, on y the pilot 
symbols for estimating the transmission path in the symbol stream input to the pilot extraction circurtfchannel equalizer 
503 are extracted and stored. Next, the pilot extraction circoitfehannel equalizer 503 estimates the transmlssten path 
In accordance with the pilot symbols and outputs the l-slgnal and the O-signal comprising the vector on the l<3 plane 
of an amplitude that is the square root of (ES)1/2 having a mean reception power per symbol corresporKling to the 
estimatfed transmission path. Simultaneously with the inputting of the vector to the selection circuit 505. the vector is 
also suppfied to the bit extraction circuit 213. u. i i 

101261 Simultaneously with the pilot extraction clrcuitfchannel equalizer 503 outputting the vector on the l-Q plane 
corresponding to the transfer characteristic of the transmission path, the received symbol stored In the buffer a)1 Is 
outout tothe multiplication dicult 504. The multiplication drcult 504 multiplies the received symbol Input from the buffer 
501 and the vector obtained by the estimation of the transmission path and outputs the result of the multiplloatlon. that 

Is. the Q-signal line 512 andthel-signal line 511. . . 

[01271 The transmission path estimation circuit 214 having the above configuration estimates the transmission path 
for the input received symbol and outputs the symbol with the error occuning on the transmisston paft having been 
corrected Further, the transmission path estimation drcult 214 of the present example can handle all of the differential 
phase modulation In the frequency directbn. differential phase modulation In the time direction, mixed differential phase 
modulation In the frequency direction and the time direction, and coherent detection. A pair of orthogonal senate, the 
1-s.gnal and the Q-slgnal. Is obtalhed from the symbol with the error occurring on the transnfeslon path corrected, and 
output to the signal lines 511 and 512. . ^ , „ i^ena =K-«i.rta 

I0128I As shown In Rg. 12. the bit extraction drcult 213 Is configured by an ampBtude operation circurt 506. absohrte 
value operation d«xilts 507 and 508. subtraction drcults 509 and 510, and a parallelfeerial <»"f 'J'J" «!;^,'^,<P? 
conversion drcult)515. Notethattha related biiextractlondicuft213conesporidstotheQPSKand 16QAM modulation 

roiST'The f-slgnal and the Q-slgnal output by the transmission path estimation circuit 214 are Input through the 
slgnal lines 51 1 and 51 2 to the paraMel/serial conversion drcult 515 and Input to the absolute value operation drcuite 
507 and 508. Further, the vector on the W» plane correspondingtothetransferdMOT^ 

obtained by the pHot extracilon drcoWchannel equalizer 503 Is Input via the signal Unas 516 and 517 to the amplitude 

^S'°"lSe^!|lttode operation drcuK 506 finds the an»plltude corresponding to the Input vedor. Spedflcalty. where 
ttie received symbol Is 16QAM modulated, the amplitude operation drcult 506 calculates the absolute >^>"e of the 
amplitude of the related vector by the values of the l-slgnal and the Q-slgnal Indicating the Input vedor and outputs a 
value obtained by multiplying the absolute value of the calculated amplitude by the square ff^fjf^ 
101311 The absolute value operation drcults 507 and 508 find the absolute values of the l-slgnal and the Q-slgnal 
input via the slgnallines 511 and 51 2. ' rt«,tnf 

101321 The subtradlon drcult 509 subtracts the output of the absolute value operation drcult 507 and the oujut o 
the amplitude operation drcult 506 and supplies the result of subtraction via a signal line 513 to the paralleWserial 

conversion drcult 515. . „ . u.mo ^^^*h^^..*^t*nf 

[0133] Thesubtractiondicult510subtractstheoutputoftheabsolutevalueoperjto.|w^^^^ 

the amplitude operation drcult 506 and supplies the result of the subtradlon via a signal line 514 to the parallel/terlal 

conversion circuit 515. ' . . „ aK«.«A«nfi«ii 

IP1341 Below, an explanation Is provided ofthe operation of the bit extradlon circuit 213havlng the above configu- 
ration for the cases where the received symbols are QPSK modulated or 16QAM modulated. 
[01351 When the received symbols are QPSK modulated, the amplitude operation drcuit 506. the absolute vajK. 
operation circuits 507 and 508. and the subtradlon drcults 509 and 51 0 do not operate. In this case only the paralteV 
serial conversion circuit 515 operates. The parallel/serial conversion drcult 515 sequentially o^j^^^ J-^^^*^* 
with resped to one Input symbol by using the l-slgnal and the Q-slgnal Input via the signal lines 511 and 512 as soft 
iudgment values at the first bit and the second bit. 

[01361 On the other hand, when the received symbols are 16QAM modulated, first, the amplitude operation circuit 
506 calculates the square value of the amplltudeof the vedor based on the I- and Q-slgnals input fm^ 
516and517.calculates the value obtained by muWplylng the absolute value of the cateulated amplitude by the^ 

root of (2/5) and outputs the resutts to the subtraction drcuits 509 and 51 0. An hcomponent of a received symbol Inpu^ 
from the signal line 511 Is Input to the absolute value operation drcuit 507, and a Q^omponent of the received symbol 
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Pi« 7 thft freouencv band is divWed so that one block corresponds to six sub-carriers. ™v< 
S'4li T?^?S3?FB5to FB3 divided In this way each contain a plurality of pUot symbols, ^^^f J"^ '.Si^ 

In the block FBO. a transfer function BOO is found as fbllows: 

B sub {00} -SUM from {1-0} to 3 P sub {001} 

function B01 Is found as follows. 

; B sub {01} -SUM from fio2} to 6 P sub {001} 
-[01451 Sim.larlyJntheblocksFB2andFB3.thetransferfUnctton8B02andB03a« 

B sub {02} -SUM from {1-5} to 9 P sub {OOi} (3) 

■■ ' B sub {03} -SUM from {1-8} to {11}P sub {OOi} W 

» ... ■■ .. ' •• ■ ■". • 

roi461 AS explained above, the transfer functions BOO to 803 of the blocks are^lculated by addition of one pltot 
lymSl existing In an adjoining next btock in addition to '^^f ^^^y-J^^^V^^^^ are contained In «,e block 

.. KmStonletiJnt^ ^ 
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B sub {10} -SUM from {i=0} to 2 P sub {101} ,(5) 
[0149r Similartyjn the blocks FBI to FB3. the transfer funrttons B11 to B1 3 are found 

Bsub{11}-SUMfrom{i-1}to4Psub{10i} (6) 

.. . Bsub{12}» SUM from {i=3}to6P sub {lOi} . (7) 



B SI* {13} = SUM from {i-5} to 7 P sub {101} 



(8) 



[01501 Asexplainedabove.atthemodulattonfimestDaridt1.thetransferftinc8onsBOOto^ 

calculated. In the case of the time tO (at the first symbol after the start of the transmlsston). the value of BOx (x - 0. 1. 

2. 3) Is adjusted in amplitude by a and then becomes the value of Ax as It is. . , , » ^ 

P1 511 Then, at the time t1 . the transmission path vectors AO. A1 . A2, and A3 in the blocks are cateulated based on 

the transfer functions calculated at the time to and t1. , . «. *-..i«^ir«,i.«,iatinn 

[01521 Thetransmlsslonpathvector AOmthebkxkFBOatthetlmetl Is calculated by the following equation. 



A0-:(kB00+B10)o (9) 



[0153) amllafty. the transmission path vectors A1 to A3 In the blocks FBI to FB3 are cateulated as foOows. 



A1-(kB01+B11)a f'O) 



A2-(kB02+B12)a ^^^^ 



A3-(kB034-B13)a 



(12) 



[01541 ThetransmlsslonpathvectoisAOtoASlntheblockscakuilatedasexplaineda^^^ 

on the W plane. These transmlsston path vectors AO to A3 indfcate amounts of displacemert of the phase and am- 

plltude gwen to the transmission signals In the frequency bands of the btocks In me transmission path. 

pi 551 Rg. 1 5 shows for example the transmlsston path vector AO In the btock FBO on ttje W P'f« f ^^^^ 
Sireof-AsLstrated. in thefrequencybandof the btockFBO.aphase displacement oftolsglventoth^ 

signal transmitted via the transmission path. The amplitude becomes |A0| times. . .j,*. ahowa 

[0156] The transmission path estimation circuit 214 of ttte rfeoelvlng apparatus shown In Fig. 12 P^^^^^^ 
S^slng by thechannelSqualizer.AsaresuMhe influence exerted up^ 

band can be estimated In the transmlsston path, therefore by correcting the ^<»r^"»^^;l*^^^Q^^^ 
received symbol by using the calculated transmlsston path vector in the bltextrachonclrcutt213 the e^^^ 

^IhrarJIplitude occurring In the transmlsston path can be corrected and thus the Influence of the transm«ston path 

roi"5?i ^'iSlTa^explanation Is provided of another example of the bit extraction circuit In the [^^^Jl^^^P^^^^ °^ 
SI pVesentSventton'. The bit extraction circuit 213 of Fig. 12 can be appltod to ^'ll^fZ^J^Sat^to^^ 
QPSK and 1 6QAM methods. Betow. an explanation will be made of examples of ^2?r^ urtSer^^^ 

be used for QPSK and 8PSK and a bit extraction circuit which can be used for QPSK. 16QAM. and further 64QAM 
modulation methods by referring to Fig. 16 and Fig. 17. ..„4<,«..,ui«K/.=.nho 

Fig. 16 is a cLlt diagram of an example of the configuration of the bit «'«^«!=tion drcu. 213a w^^^^ 
used fertile QPSK and 8PSK modulatton methods. As illustrated, this bit extractor. <^''^'» f ls(»nflgu^^^^^ 
solute valueoperationcircuits607and608.asubtractionclrcutt610.anamplitudeadjustm^^^^^ 
Srlal converston circuit (P/S conveision circuit) 61 5. The absolute value operatK>n drcurt 607 cateu la es me a^ ute 
value of an l-signal Input via the signal line 511 . while the absolute value operation circuit 608 calculates me ateo lute 
value ofaaslgnallnputvla the signal Iine512. The subtraction circutteiosubtraclstheoutputsignalsof me a^^^^ 
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uai. oMration circuits 608 and 607 and supplies the result of the subtraction to the amplitude adjustment drcuit 61 3. 
JoTssrit amS^Xs^^^^^ 61 3 multiplies the output signal of the subtraction circuit 610 by the square 
Sfi/I^tndcS^toute^ 

fhe allSde adjustment clrcu* 613 In response to the control signal SC3 input from the outsWe. 
01 6o7 1 tow S Is provided of the operation of the bit extraction drcuit 21 3a of the present exampte. 
roe? ^^eTrnalanrt^Q-slgnalw^^^ 

1 a J tabut Se s^^^^ lines 511 and 51 2 to the bit exUadion drcuit 21 3a. The absolute value operation drcults 
Tand Ji'^^^e ^ va^Ts of the ^signal and the Q-signal and Input them to the su^a^n c.a,n 

610 The^btraction drcuit 610 subtracts the absolute value of the l-signal from the absoWe value of the Q-s^"^ 
a^ o^t^ltof^ subtracHonto the amplitude ^^^^^ 

Lusts the resuttofthe subtraction of the subtractfan drcuit 613 to the square root of (1/^ ^ 
diiotethatthecontrolslgnalSCSIndicatesbywhlchoftheQPSKmoA^ 

EbUaStiondrcuit610.aidtheamp.itudeadiustmentcircuK613ar^^^^^^^ 

serial com^erston drcuit 61 5 selects the l^lgnal and the ©signal .nput via the signal l.nes 511 and 512 and outputs 
^V^i^l^^^^^iZTeWztSmB ampntude adjustment drcuit 613 operate. The parallelfeerial conversion 

:::i?ii'r:u:Se"^^^^^^^ 

S «rft JiKlgZnt values and outputs the output signal of the amplitude adjustmerrt circuit 613 as the third bit soft 

ra«5r'*/^TDlalned above according to thebttextracto^ 
Sale^^'arwHhLoPSKn^dulatedreceWeds^^^ 

^L^MnA in acMirianee with the 8PSK motfcjlated received symbols. Note that both of the QPSK moduiaiea recenraa 
^J^^J^^^uTiedr^i^S^ are phase m«^^^ 

:Csa^^S^n^ri^^^ 
SSnCiSUcte^eretbrem^ 

12 becomes unnecessary. For this reason, the dicultconflguratlon of the bit extraction drcuit 213a Is simpler as snown 
ml^^ Ra 17lsacircuitdiagramofanexampTeofthe<»nfigurattonofabltextracttor.drcuit21^^^^ 

m?^ wAt« th»»th« 160AM and 64QAM modulation methods are multn^alue modulation methods modulating both 

rrr^r,rs;r„aT^r^c/^^' - f ^^^^^ 

I. w 5, ftnhtraction drcults 709 and 710 subtract the output signals of the absolute vawe 

Z^^^IT::^^'^^^^^ ampl^ude ^^^-^ ^^^^^ 

t^subtractionto the s^nainnes713and7U. The absolute vatueoperatwncrc^lte^^^^ 

values of the signals of the signal lines 513 and 514. that is. the output signals of the s"bttBdton dfoiits 7W a^^^^ 
andfutDut^^^^^^^ 

Sl haS th^ am^iSde of the output signal of the amplitude operation circuit 706 and supplies the same to the sub- 
tTadton dr^«s 7£^d 7^. The subtradion drcults 729 and 730 subtract the output dgnals of the ^'"^ v^^ 
o^atbn Site 727 and 728 from the output signal of the amplitude adjustment clrcuH 731 and output the results of 
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the subtractions to the signal lines 733 and 734. The parallel/serial conversion circuit 715 outputs two bits, four bite, 
or six bits of the received data fn accordance with the l-signal and the Q-$ignal input from the signal lines 711 and 71 2. 
the output signals of the subtraction circuits 709 and 710 Input from the signal Hnes 713 and 714. and the output signals 
of the subtraction circuits 729 and 730 Input from the signal fines 733 and 734 In response to the control signal SC3 
input from the outside. * 
[01691 Below, an explanation is provided of the operation of the bit extraction circuit 213b of the present example. 
[01701 The l-signal and the Q-signal indicating a received symbol with the transmission path error corrected by the 
transmission path estimation circuit are input via the signal lines 511 and 512 to the bit extraction circuit 213b. The 
absolute value operatfon circuits 707 and 708 calculate the absolute values of the l^lgnal and the Q-slgnal and input 
the to the subtraction circuits 709 and 710. ■ ^..i, 

[0171] On the other hand, the iKXjmponent and the (^component of the transmission path vector are mput via the 
signal lines 516 and 517 to the amplitude operdtton circuit 706 from the transmission path estimation c'r^;";^!^® 
amplitude operation circuit 706 calculates the absolute value of the ampOtude of the transmission path vector 7C« and 
outputs a value obtained by multiplying the calculated absolute value of the amplitude by the square root of (2^)- 
(01721 The subtraction circuits 709 and 710 subtract the output signals of the absolute value operation circuits 707 
and 708 from the output signal of the amplitude operation circuit 706 and supplies the results of the subtractions via 
the signal lines 713 and 714 to the parallel/serial conversion circuit 715. f^urther. the absolute value opemtlonr circuits 
727 and 728 calculate the absolute values of the output signals of the subtiactkjndrcuits 709 and 710. The s»A^^ 

circuits 729 and 730 subtract the output signals of the absolute value operation circuits 727 and 728 from the output 
signal of the amplitude adjustment circuit 731 and supply the same via the signal lines 733 and 734 to the parallel/ 

serial conversion circuit 715. ^, ^ 

101731 TheparalleVserialconverslohdrcuH715operateslnresponsetothecontrolsignalSC3inputfromtheoutside 

Note thattheoonuol signal SC3 Indicates bywhlch of the QPSK. 16QAM.or64QAM modulation methods the received 
[c!ll35n'^ Whe'JXI^^^ 

and the Q-slgnal Input via the signal lines 511 and 512 and outputs the same as the first Wt and thjseo^ M^^^ 
Judgment valies. In thb case. In the bit extraction circuit 213b. all of the partial circuits other than the parallelfeenal 
conversion circuit 715 are set in the nonoperatlng state. ' I , «..k 

101751 When the received symbols are 16QAM modulated, the absolute value operation drcute 727 and 728. sub- 
tractldn dreuits 729 and 730. and amplitude adjustment circuit 731 are set in the nonoperatlng state, ajf JJ^ rther 
partial circulte are in the operating state. The paralfel/serlal conversion circuit 71 5 outputs the l-signal and the Q-slgnal 
inputfrom the signal Iines5l1 and 51 2 as tfVe first bit and the second bit soJJu<^ntvalw»a^^^ 
signals of the subtraction circuits 709 and 710 Input from the signal lines 713 and 714 as the third bit and the fourth 

foiTCl ^"whSn'irlJSSived symbols are 16QAM modulated, all partial drcute configuring the bit extraction circuit 
21 3b operate. The parallel/serial converston drcult 71 5 outputs the l-slgnal and the Q-signal input froni the signal finw 
51 1 and 51 2 as the first bit and the second bit soft judgment values, outputs the output signals of the subtraction arcuits 
709 and 7101nput from the signal lines 713 and714a8 the third Wt and the fourth bit soft judga^^^ 
outputs the output signals of the subtraction drcults 729 and 730 Input from the signal lines 733 and 734 as the fifth 
bit and the sixth bit soft judgment values. - «wmhnie 
[01771 AS explained above, the bit extraction drcult 213b of the present e«mple <»n beused 
of either of the QPSK. 16QAM. or 64QAM system. When the received symbols ^jeOPSK modul^edjte ^ 
drcult 213b extracts the two bits of the received data corresponding to the received symbols. wWIe when the receded 
symbol Is 16QAM modulated, the bit extraction circuit 213b extracts the four bits of the received data ^"^P<>^'';9 
to the received symbols. Further, where the received symbol Is 64QAM modulated, the bit extraction arcult 213b ex- 
tracts the six bits of the received data corresponding to the received symbols. ^U5»,|fc.*««, 

(01781 Rg. 18 represents the operation of a second embodiment of the present invention and, specifically, the op- 
erations of transmission and reception of data In the communication system of the present invention. 
(01791 Note that the communication system of the present Invention is configured by the transmitting apparatus 
shown in Fig. 1 and the receiving apparatus shown in Fig. 2. This communfeation system transfers the data from the 
transmitting apparatus to the receiving apparatus. Betow. an explanation is provided of the operation of the communi- 
cation system of the present embodiment by referring to Fig. 18. . „ * x».-.*,o,.emtt 
[01801 The communication system of the present embodiment is a mobile telecommunication system. The transnw- 
tlng apparatus transmits call Information and calls the receiving apparatus as the other party of the communlcatKWK 
When rt receives a response from the receiving apparatus and confirms the receiving apparatus, date communication 
Is commenced. Below, a deteiled explanation will be made of the communlcatioh system operation by referring to Fig. 

(01811 Note that in Rg. 18, TX indicates a master station In the transmltUng apparatus or the mobile telecommuni- 



EP1 083719A2 



[01821 Atthestartofwrnmumcatontira^a^n^^^^ 

(.naster station) TX. This caH messj^ « !lhI^1S.Cai^at^ In a sleep mode. This paging channel uses 
Note that a call can be reliably made even when the «ce.vlng JPP«J«~ J ^ ^ ^„ ^gge Is small. 

a predetermined transmission path ^s"'"^^^" "^^^^^^ 2*eTansmlsslon path estimation method. Note 

dlSerentlalphase modulation in the trequency <^^^^^^ 

that the transmission path estimation method in the "^3^ 

,he transmission and reception sides in ac^ance c^^^ ,houW 

101831 Note that the call message indud^ an '"^^^^^ " V"^;^ RX receives the call message. It transmits 
I transmltthe response signal over, so when the receiving awarat^^^^ 

a response s'^nal ACK to the ";«'^^il^Se?::S'ei^^^^^^ ^^^^^^^ ^^'^ ^"^'"P*^" 

[01841 The user RX is basically in the sleep mode ^ ^, message addressed to It has been 

he uiit It intermittently receives data by signal ACK irwludlng 

transmitted. When a call message a<«f «f ^^1 J^^^^ ^SoTus^^^^^ ^^'"9 
5 the information that it Is ready to receive a "'i^^J? fS.^^^^^ 
m«^age:Notethatthisresponsemessageincludeslnlbrmatlonind«atingineqfp 

method which can be processed by the user TOC ^ ,,0^ the master statton TX was shown 

[01851 The case where the request of stert of <»«^"^"«fH°^^ f^^x^ple. when there is a request from the user 
Uove. but when communication is reques ed f rem Je ^^^"^J^^^^^^ wanted to Information substantially 

s5s^rrer.rT?=^^^ 

responseslgnal ACKorthe ^'^^^J'^J^^jT'^^-^^^^ by the receiving apparatus of the user 
» the^nsmlssion path estlmatton method and *e 

anddetem,lnesthemodulatlonmethodand*etransm«ton^ 

The master station TX transmits a reservat^n messa^^ method to be used for the 

channel number to be used for the ^^'^;^^'^'^^^r^ TX transmits the modulated signal 
reception to the user RX. When the ^^'^'f^^^^^f^^^i^ 
30 oorrespondlngtothedeslgnatedt^nsm.^^^^ 

Cer:rs:^«r;rrSsrin^^^ 

35 oomnwnlcation is terminated. ' ♦. ^♦u^ roenon^sianal ACK or the request signal REQtransn«ted 

101871 Below.anexplanattonisprovldedoffom™atsoftheresj»nse8ignaw^ m 

Se user^ and'the reservation message transmittal by tt« 
[il881 Fig. 19«P«««"'»««^'^r,*^«*J3:^^^^^^ 

. ^s^rin^Tt^M^:^^^^^ 

L,S6.1 based on the information «^ ^^^t^^Se^ndS^^an^r^^^ of the receiver. DEST is a 
number of the user is contained In the related LnsStestoJdate is contained in the related field. A4<O0E 

45 destination field. The data Indicating ^e <f J^^^*;^^^ Z apparatus. As illustrated. A-MODE 

. lsafieIdcomprlsedbyparameterslnd«a«ngam^w^^^^ 

isfurtherdlvldedlntothree sub-fields B8, ^^^^fJ^l^^'Z^ ,^thod Is contained in the sub-field BB. 
method is contained in the sub-field AA J^^^^ ^"^"^ 

Slirrralfexplanation.p.v^ott^^ 
. statio^X.Flg.20lsavlewoftheformatoftheMSG-2./^l^^^^ 

SEQ. SOURCE. RTIME. TX-MOOE ar^ "etc.- ^^^^'^.^f ^^^^^ ^^^^ of communication, that Is. the 
55 (01911 DEST is the destination field For exampte *^«^^^J^XreS field. SEQ is the sequence number 
Identification number of the user to be received eta ^'^^^'^^^l^^^'SfV^E Is the Identification field of an orlg- 
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statfon is comalned in the related field. RTIME is the reservation time f^^^^ 

by three sub-fields. Data Indicating the start time of reservation is contained ,n a suWield ST/^R^^^d.c^t^ an 

aLunt of data transmission is contained in a sub-field AMOUNT. '"^f^^X^nsS^J^S^^^^^^^ 
contalnedinasub-f.eldRATE.TX-IV©DElsthefieldindicatingtheparametero^^^^^^^^ 

ttiis field Is oombrlsed by two sub-fields. Data indicating for ejcample the method of the estimation of «a"sni *sion 
J^^^lnSSes^^^ 

te contained In the sub^teW BB. "etc.- Is the field indicating the other attached Information. _ 
lO^T^exl an explanation Is provided of the format of the response signal MSG^ transmuted from the user RX 
When termlnatina the reception of ttie transmission data from the master station TX. ^ ^„ ^««ionat«n 

ymrtnTuSat^lnF«.21,theMSG-3h^ 

will be made of each SEQ is the sequence number field. The sequence number of the user is con^^ . 
Sd m"d . tSetey lndK:a«ng1?e ID number of the receWar^ ^^^V^.'^tbtS^'*^?^^^^^ 
destination of the transmission data is contained m the related field, "etc.- .s the "^^J^^^^^^^ "r^^^^^ 
information. For example, data Indicating the attribute of the receiving apparatus a^ 

^"exSSed according to the present embodiment, in the communication system '^o^^^^^l'^j!^' 
K a^aSSthe receMng apparatus, for example, a mobUe t^'f^^ ""iSlTi' oTa ^^^^^ 
is staS^by a call message transmitted from the transmitting apparatus ("««t«!;?«*2J^> *t orZ 
mitted from the receivlnTapparatus (user) RX. By the response of the user with respect to the "^^^"'^ 
ZSXal fr^the^Tthe reception mode which can be handled by the user RX. for ^^^^P^'^^'^^^ 
^^STliJ^nsmlsslo;^ 

^ion TX selects the transmission path estimation method and the signal modulation '^^•^^»;, 
r^r;eIthr^nlcationchannel.andt«^^^^ 

after confirming if the transmission of the information was normally terminated from the responw 
Sm^ngt^CmXan^lvf^ap^^^ 

Sture having a dynamic range with a large data capacity such as Packjtransmiss^onfraffic^ J^fe 
^latlonmetlSlandtraftsmlsslonpathestimatlonmethoda^^^ 

S?SS2Z^ packet and the attribute of the transmission data such as the Importance of the data and therefore 

m^latlon method and transm^^^ 

rTOeption of the Information can be snfK)6thfy carried o^^ 

Claims 

1. AtransmWlng apparatus for transmltfing a multi-carrier modulated signal having a plurality of sub<arriers modu- 
lated In accorelance with transmission data, comprl^ng: 

■ amapplngclrcultforarranglngslgnalpolntswlthrespecttosaidpluralltyofsub^arriersln^^^ 

pr3eSn«J modulatk>nUhS basedon said transmission ^ 

apilot addition clicultfbr inserting a transmission path esfimatlon pilot signal in the transm 

added thereto. 

» #«r*K i» M^xtn 1 wh*»rAin said Dilot addition circuit determines one or more of a 

data, 

a number of inserttons of said pilot signal In each modulation In time In accordance with one of a size of said 
transmission data and a perceived Importance of said transmission data. 
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10 



15 



. mission of saw transmission data when a trdnsm«1ng operation falls, 
information symlKjIs, 

said pilot Signal with a «very mo<fti«ation tin^ ^ Mutation time tO immediately after the start 

^rrr:srrrr]iSprstn^r^^ 

number), and .«in.imher\ at the modulation time taimnwdlately after a start 

number). 

signal constant. 

' Malm whetaln saw orthogonal transform circutt performs 

mlllltioapi>aialu..th.ieoeh*«iB«r»lw«»>iP^ - 
.trrnirtsstoilfflmMllniMtenclrculttorearac^ 

« /tet addition circuit tor dl«ldl..9 1'**=^/" ^SHS stonal selected tram ». 3<*>i"l"S 9ro"P. 

«; andanoutputslgnalofsaWmultlpllcatloncliculL 

ti«Hhineialm8 wherein saW transmission path identificatton ckcultoutputs a trans- 
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in 11 Mihereln said Orthogonal transform circuit performs 
12. A receiving apparatus as setfbrth In any one of claims 6to 11 . wherem saia onnogo 
a Fourier transform on said received signal. 

With transmisston data, oomprislag: 

, ^pp., ecu* .0, a^^ng pol* «»• ,«pec. » «,d pju,* « «b^1« a-*"" * 

, orthogonaltransformclicuhandestimatlngthetransmlssionpathinaccordance 

and ... J In <uvv^rHanee with a result of estimation of said trans- 

a data output drcuit for correcting said received signal m accordance wiin a resun 
m^n^ estlmatfon circuit and outputting data of the received s«nal. . 

. 14. Acommun^nsystemassetforthln..ni13.wherelns^pl^adcr«lon.^^^ 
signal In accordance wKh an attribute of sakJ transmission data. 

mi;sffll8atoda<.and.l»«»lv«llmfx»»«- : 

a,^ro,ina.*na««»p.«aK,na,,neach™*«^n«»^a=co„^«*.-«.o..*^ 

S5 iLlon<rfaaldlnm»rCssl<». data When, transmission <3p«a«on MB. 

«.Aco™„.n«.ons^as.a..o«,...a^1*.4»^ 

40 number of infontiatton symbols), 

. p«. «,n- wltn a -a,^ ,1/mKn, ,s ^ ^^^S 

the transmission and inserts said pilot Signal With a ratoo (1/(m+n)) at a suDsequ^ 

natural number), and , . ^ .i«.,mK<.rt at th^ modulation time tO Immediately after the start 



number). 



» , u Moim 16 wherein saW pilot addition drcutt holds one or more of the ratio 

17. A communication system as set forth In ^'T.^^jJ^^^rA^Saps^ after the start of the transmission, 
so of said pilot signal at a constant when a predetermined time elapses 

^ stopa*aac««ono..«pi^s^na,w.«nap,.deta™^a<i*.e,.ps»a...-««s,a,.=.««>-^ 

Xrorsatuon C ^ ^ ^ «"»• """^ 

55 pilot signal at a constant 

. . 4 o i 7 utfhpreln saW first orthogonal transform circuit 

18. A communication system as set forth in any one of claims 'l^'J'^^'^^ ^ed thereto. 
. perfqmis an inverse Fourier transform on the transmission signal having the pilot signa 
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M^irr,.. ittrt^a Wherein said second orthogonal transform 

^loime 1 1 to 19 Wherein said uansmisston path estimation 
20. A communication system as set forth in any ^ signal from the cuter signal of said 

extracted pilot signal. 

zo and an output signal of said multiplication circuit. 

multipricaBondrcuit 

transmission data. 



ctiannel, 



. XSro(Mldt>.n.mtok»dm«h».lr««tek«op«l«»'(all.. 

55 information symbols), 
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the transmission and inserting said pilot signal with a ratio (iy2(m4.n)) at a subsequeni mo 
is a natural nurrUMr). 
28.Atransm«s«n.«th0d as set forth incla.m27.ft,rther«>mprising^^^^^ 

said pilot signal constant when a predetermined time elapses alter a start of the transmiss«n. 

reducing the ratio of said pilot signal evety modulation time. ^ ^ transmission 

stopping the insertion of the pilot signal whenapredetemiinedtme elapses after the start oTtneira 

l~aS^rc!iirs^rtionofsaidpM 
pilot signal constant. 

apparatus, comprising the Steps of: « 

orttiogonally transforming a received signal. ^u.^^w,„at 
e)Sng ^id pilot signal based on said orthogonally transformed receh/ed signal. 

outputiing the data Of the received Signal. 

in aoooidarice with results of said estimation of the characteristics. 

31. Acommunication method for transmitting and receiving a muitl^arrier modulated signal having a plurality of sub- 
carrieis ln accordance with transmission data, comprising the steps Of : 

arranging signal points with respect to said plurality of sub^arrlers In acco«lance with a predetem,lned mod- 

ulationmetiTOd based on said transmission date. .i„„«i orodutjed in said step of arranging in 

jnsertingatransmisjMonpathestimatlonpllotslgnalmanoutputslgrjalproducedinsaiasrep 

accordance witii an atfribute of said transmission data, 
orthogohany transforming a transmission signal having said plk« ^^^^ 
transmltgng said ofthogonalV transformed signal over a transmission paw. 
receiving the transmission signal from said transmission pam. 

orftoflonallytransfonning a recdved signal. -.^^i^nai 
eSng said pilot signal based on said orthogonally transforn^ ^^l^f 
estimating the ^nsmfeslon path In accordance witii ttte extracted pilot signal. 

correcting said fectitrad signal, and 
outputting the data of tiw recehfed signal. 

information symbols). 

is a natural number), and . ^ immediately after the start 

said pilot Signal wfth a ratio (1 /2m) (m is a natural ""'"'^ "^^^ time tn (n is 

of the transmission and Inserts said pitot signal with a ratio (1/2m*n) at a subsequem moou 

a natural number). 

ralterfsaMpllo<slgnalo>nsBnt«Benap«d«eimined»me.lapsesa«9.tl»sUrtotmeitaii 
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